The effects of vitamin D, various energy sources, and hormone treat ments on tibia deposition of orally and intramuscularly administered Ca45, Sr89, and P32, on serum calcium, phosphorus, and alkaline phosphatase, and on growth and calcification were investigated, using chicks. Vitamin D at 550 ICU/kg diet resulted in increased calcium and strontium absorption and phosphorus retention when com pared with suboptimal vitamin D levels. A tenfold increase in vitamin D to 5500 ICU/kg decreased Ca and Sr absorption and phosphorus retention. Cortisol decreased absorption of calcium and retention of strontium at all vitamin D levels. Estrogen reduced serum phosphorus and retention of calcium, strontium, and phosphorus. Lactose at 20% of the diet increased bone ash. Stearic acid at 10% decreased weight gains, bone ash, calcium absorption, and phosphorus retention.
Bergeim (1) observed in 1926 that the presence of 25 to 50% lactose in the diets of rats greatly increased calcium absorp tion. Migicovsky and Emslie (2) reported that vitamin D enhanced calcium absorp tion, but not retention. Wasserman (3) observed that vitamin D increased duo denal absorption of a variety of divalent ions including magnesium, calcium, stron tium, barium, and cobalt.
Calcium and strontium absorption from the gut may be increased by various car bohydrates besides lactose, including cellobiose, sorbose, ribose, xylose, raffinose, melibiose, glucosamine, mannitol, and sorbitol (4) . Arginine and lysine have simi lar effects (5) . Increasing diet calcium decreases absorbability of the more satu rated fats in chicks (6) .
Calcium retention in sexually immature pullets was increased by estradiol and testosterone (7) . The positive effect of vitamin D on calcium absorption was an tagonized by Cortisol in in vitro studies (8) ; recently (9) this phenomenon could be demonstrated in vitro, but not in vivo.
The study reported herein was con ducted to determine the influence of many of the mentioned factors simultaneously on absorption and retention of calcium, strontium, and phosphorus under in vivo conditions. EXPERIMENTAL White Plymouth Rock (Arbor Acre) fe male chicks were obtained from dams which had been deprived of vitamin D and shielded from direct sunlight for 2 weeks prior to the saving of eggs. They were fed the following vitamin D depletion diet during a pre-experimental period of 7 days: (in % ) ground yellow corn, 38.32; soybean meal (solvent), 38; glucose-H2O,3 20; methionine hydroxy analogue calcium (90% ), 0.05; calcium carbonate, 1; dicalcium phosphate (feed grade), 2; sodium chloride, 0.47; potassium iodide, 0.000291; manganese sulfate monohydrate, 0.0238; zinc carbonate, 0.00634; vitamin A acetate (10,000 lU/g), 0.044; vitamin E acetate (110 IU/g), 0.01; menadione, 0.00022; riboflavin, 0.00044; calcium pantothenate, 0.00132; niacin, 0.00176; vitamin BI2 (0.1% trituration), 0.0022; pyridoxine-HC1, 0.00022; thiamine-HCl, 0.00022; biotin, 0.000022; folie acid, 0.00011; and choline chloride (25%), 0.07.
Analyses of variance and Duncan's mul tiple range tests were performed as de scribed in Steel and Torrie (10) . At 7 days of age the chicks were distributed into 21 lots of 12 chicks each. The chicks within each lot were assigned from 12 groups of varying body weight to provide equitable weight stratification within each lot. Variation due to starting weight was removed in the analysis of variance. These block effects were insignificant except for the weight gain measurement where there was a highly significant effect due to start ing weight.
The experimental treatments were im posed during 7 to 16 days of age. Substi tutions made in the above listed diet as indicated were in all cases for the glucose portion. Except when under study, the vitamin D level was 550 ICU/kg.
Cortisol was injected intramuscularly into the left breast muscle (saline carrier, 3 mg ml), each chick receiving 0.12, 0.09, 0.09, and 0.12mg/bird at 8, 10, 12 and 14 days of age. Estradici benzoate and testosterone propionate (sesame oil car rier, 3 mg/ml ) were injected as described for cortisol above, each chick receiving 0.12, 0.12, 0.15, and 0.15 mg/bird at 8, 10, 12, and 14 days of age, respectively.
Of each lot of 12 chicks, one-half were dosed orally and the other half dosed intramuscularly with isotopes at 14 days of age. The oral dose consisted of 20 uc Ca45,30 uc P32,and 10 uc Sr89in 0.50 ml of distilled H2O. The intramuscular (right breast muscle) dose was 10 MCCa", 15 uc P32, and 5 uc Sr89in 0.25 ml. The experi ment was terminated at 16 days of age. Blood was combined from pairs of birds for later analyses of serum calcium, phos phorus, and alkaline phosphatase, using Auto-Analyzer methodologies. 4 The left tibia of each bird was cleaned, dried, and ashed. Bone ash was calculated as a per centage of dry bone. Calcium and stron tium were separated from phosphorus by oxalate precipitation and all 3 isotopes counted using a Geiger-MÃ¼ller instrument.
Alkaline phosphatase values are in KingArmstrong units. Vitamin D was shown to have marked effects upon the tibia deposition of orally administered calcium. Since the treat ments shown in table 1 had no effect on intramuscularly administered calcium, it is concluded that the effects shown were on absorption. It was unexpected that the highest vitamin D level (25 times require ment) depressed calcium absorption as compared with the 550-unit level. Lactose did not result in improved calcium ab sorption. The administration of cortisol decreased calcium absorption regardless of vitamin D status.
Essentially the same effects were shown with orally administered strontium as with orally administered calcium except that the magnitude of absorption was consider ably less. The highest level of vitamin D as well as the administration of cortisol decreased the deposition of orally admin istered strontium. Results with intramus cularly administered strontium with the glucose and lactose series suggest de creased tibia deposition with increasing vitamin D levels. Chicks receiving cor tisol showed a highly significant reduction in deposition of intramuscularly adminis tered strontium.
In most instances, orally and intramus cularly administered phosphorus were de posited with equal efficiency. The vitamin D and cortisol effects agreed closely with those of orally administered calcium.
The influence of the variables upon blood serum levels of calcium, phosphorus and alkaline phosphatase in the glucose and lactose series indicate that vitamin D increased the levels of calcium and phos- The influence of carbohydrate, estradiol, and testosterone on the experimental measurements is shown in table 2. The growth-stimulating effect due to estrogen was significant at P < 0.10. Dietary lac tose again significantly increased the level of bone ash. With repect to the deposition of calcium, strontium, and phosphorus in the tibia, estrogen effects were generally highly significant, with the exception of orally administered calcium and strontium where the effects approached significance (P<0.10).
Apparently estrogen reduced the deposition of these isotopes metabolically. A highly significant effect of estro gen in reducing serum phosphorus was also evident.
The influence of carbohydrates and stearic acid on the experimental measure ments is shown in table 3. Growth rate was depressed by 20% xylose or 10% stearic acid. The latter markedly reduced bone ash deposition. Lactose, xylose, and sorbitol did not result in greater deposition of either orally or intramuscularly admin istered isotopes of calcium and strontium. The presence of stearic acid markedly re duced calcium, but not strontium absorp tion. Both oral and parenteral phosphorus depositions were reduced by stearic acid. It was unexpected that sorbitol would re sult in reduced serum calcium. Stearic acid resulted in somewhat lower serum calcium and phosphorus and increased al kaline phosphatase.
DISCUSSION
That lactose did not increase the absorp tion of Ca45 confirms the observation of Wasserman et al. (12) that lactose did not increase calcium absorption in the chick as it did in the rat. There are, how ever, effects in the present study due to lactose which should be considered. Lac tose resulted in increased growth rate at suboptimal levels of vitamin D and in higher bone ash even with adequate vita min D. These effects may be explained by the suggestion of Fox et al. (13) lactose, a relatively unabsorbable carbo hydrate, may assist in removing nutri tional deficiencies by decreasing the avail able energy of the diet and increasing its consumption by the chicks. In this study a relative increase in calcium, phosphorus, and vitamins might explain the observed effects of lactose. The depressing effect of high vitamin D upon calcium and strontium absorption was unexpected. The data in table 1 indi cate that 73% as much Ca45was absorbed with 5500 ICU/kg vitamin D as with the 550 ICU/kg level. Similarly only 45% as much Sr89 was absorbed. These effects existed also in the lactose and cortisol modifications. In these comparisons, high vitamin D caused a greater percentage depression on strontium than on calcium absorption. Since the depression in cal cium absorption and strontium retention due to cortisol occurred independently of the vitamin D effects, it should be noted that only 0.70% of the oral strontium dose was retained by the tibia of the chick with the cortisol-high vitamin D treatment.
The relative percentages of phosphorus deposited in the tibia were similar regard less of whether phosphorus was adminis tered orally or intramuscularly, suggesting that phosphorus was absorbed equally well with the various imposed treatments. Since phosphorus deposition and retention in bone is dependent upon calcium and since the vitamin D and cortisol effects upon phosphorus were similar to those with orally administered calcium, it seems logical to conclude that phosphorus depo sition was limited by calcium. If true, this demonstrates how nutritional effects be tween 2 nutrients may not be direct but rather dependent upon a third nutrient.
It seems probable that the effect of stearic acid in reducing growth and bone ash is related to its effect in making the calcium in the gut unavailable to the chick. This is further evident by a decreased cal cium level in the serum. The increased level of alkaline phosphatase is also sug gestive of insufficient calcium as observed previously by Hurwitz and Griminger (14) . The results in this study show that alka line phosphatase is a very sensitive indi cator of vitamin D deficiency and extend previous observations of Martin and Pat rick (15) and others.
The administration of estrogen and tes tosterone in this study did not increase calcium retention as reported previously by others (7, 16) using sexually immature pullets. Estrogen actually resulted in de creased retention of Ca45, Sr89 and PM by bone. This agrees to a limited extent with the stated effect of estrogen in assisting in the removal of calcium from the bone into circulation; however, there was no in crease in serum calcium due to estrogen. Quite consistent with the administration of estrogen, however, was a decreased level of serum phosphorus, which factor might result in decreased calcification and there fore decreased deposition of all 3 isotopes.
